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(1) 长江口、温州湾、九龙江口海水色氨酸的含量为 0.0036～0.0264 
mg/L，CDOM 相对荧光强度为 1.49～25.57 QSU。FDOM 的季节变化受季
风、河口区地形、潮汐的影响。河口区 CDOM 主要来源于陆源输入，其相
对荧光强度呈保守行为。 
(2) 长江口、温州湾、九龙江口水体中可鉴别出 T（类色氨酸）、B（类 
酪氨酸）、A（短波激发类腐殖质）、M（海洋类腐殖质）、C（长波激发类
腐殖质）等 5 个荧光特征峰。在河口区，随盐度的增加，代表陆源腐殖质
的 C 峰逐渐减小，并且呈现蓝移趋势，代表海洋自生来源荧光团的 M 峰
出现并逐渐增强。河海水混合过程中，313nm 激发时最大发射波长的变化
也反映了 CDOM 荧光性质的变化。 
(3)  3 种藻类培养液中色氨酸荧光强度的变化与生物量的变化一致，



















(4) 藻类培养液中鉴别出 T，B，A，M，C 等 5 种荧光峰，藻类生长的
不同阶段，培养液的三维荧光光谱各不相同。伴随藻类的生长，C 峰在藻
类生长过程中相对荧光强度逐渐减少并发生蓝移，代之以强度不断增大的























The fluorescence characteristics of marine dissolved organic matter were 
studied using excitation－emission matrix spectroscopy(EEMs) method in 
typical areas of Chinese southeast coastal waters, including the Changjiang 
River estuary, the Wenzhou Bay and the Jiulong River estuary. The distribution 
and variation of fluorescent dissolved organic matter(FDOM) in these three 
waters were studied. The fluorescence peak of EEMs were picked up and their 
variation during the estuarine mixing process were analyzed and summarized. 
Furthermore, the effect of phytoplankton growth on the production and 
transformation of FDOM in seawater were investigated by means of laboratory 
phytoplankton culture. The main results are as following: 
1. The contents of tryptophan(Trp) in seawater ranged from 0.0036 mg/L 
to 0.0264 mg/L, and the relative fluorescence intensity of chromophoric 
dissolved organic matter (CDOM) ranged from 1.49 QSU to 25.57 QSU. The 
seasonal variation of FDOM was influenced by monsoon, estuary topography 
and the tidal process. The terrestrial source is the main source of CDOM in 
these estuaries. In most estuaries, the conservative behavior of CDOM has been 
frequently reported, which indicated that the mixing model of the two 
end-members was applicable to most estuarine mixing processes. 
2. The fluorescence peaks in seawater consisted of peak T(tryptophan-like), 
peak B(tyrosine-like), peak A(UV humic-like), peak M(marine humic-like), and 
peak C(visible humic-like). With the increase of salinity, the fluorescence 
intensity of peak C decreased, while the Exmax/Emmax of peak C showed the 
trend of hypsochromic shift at the same time. The M peak which represents the 
marine source chromophore appeared when the peak C decreased, and the 















hypsochromic shift during the mixing process in estuary, which also reflected 
the change of fluorescence properties. 
3. The results of algae incubation in different nutrition conditions showed 
that the variation of Trp content in culture was synchronous with the biomass, 
which can be used as a indicator of algae growth. But the fluorescence intensity 
of CDOM was remarkably increased when the algae began to fall down, the 
non-synchronization between fluorescence intensity of CDOM and the biomass 
indicated that phytoplankton is closely related with CDOM production while it 
isn’t the direct source of CDOM in the ocean. The fluorescence intensity of 
CDOM depended on the length of stabilization phase, which was higher in the 
nutrient-starved culture than nutrient-enriched culture due to the longer time on 
stabilization phase. 
4. The fluorescence peaks in the algae culture consisted of peak T, B, A, M 
and C. In the different growing phases, the EEMs was different from each other. 
The characteristic fluorescence of peak A1(232～260/360～410nm) only 
appeared during algae growth, which may be used as an indicator of CDOM of 
biological source. The peak C which represents the land-source humic was 
hypsochromic shift and the peak M which produced by algae growth was 
prominent.   
5. Fluorescence analysis method of tryptophan for phytoplankton and 
zooplankton has been established. It is a simple, fast, and high-sensitive method 
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已从 285±5ppmv（1850 年）上升到约 366ppmv（1998 年），即在 150 年内
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由于受到海水中物质含量低的制约，目前只有不到 30％的 DOM 被确认为
常见的生物分子[7]。受技术手段的限制，其余的 DOM 仍无法确定其分子组
成，即所谓的分子未定碳（molecularly uncharacterized carbon，简称 MUC）
[8]。这些未确定分子组成的 DOM 来源于动植物残体的衰败，仅保存了源于
生物体的一些次要的组分。过去研究者通常依赖于元素分析来确定这类物













期被认为相当惰性，这部分 DOM 主要是一些腐殖质类的物质 [9~10]，即有
色溶解（可溶）有机物（Chromophoric or Colored dissolved organic matter，
简 称 CDOM）。  
虽然从分子结构的角度开展对 CDOM 的研究仍存在很大困难，一直都
比较薄弱，但由于 CDOM 在海洋 DOM 中占有相当大的百分比，其地球化
学过程是全球碳通量和海洋碳循环的一个重要而活跃的部分[11]，因此近年
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《Marine Chemistry》期刊还出版了一期 CDOM 专刊。荧光分析以其灵敏、
简便的特点逐渐成为 CDOM 研究的重要手段。此外，荧光法还可同时分析
海水中的类蛋白质（色氨酸、酪氨酸）等其他荧光物质的荧光性质，两者
合称为荧光溶解有机物（Fuorescent dissolved organic matter，简 称 FDOM）。
对包括 CDOM 在内的海洋 FDOM 光学性质及地球化学行为的研究已成为
海洋生物地球化学、海洋光学、海洋遥感等学科领域的前沿热点问题。 
 
1.1  海洋有色溶解有机物（CDOM）概述 





吸收 UV-A（315－400nm 波段）和 UV-B（280－315nm 波段）的太阳辐射，
因此 20 世纪 90 年代以来，国际上逐渐用“有色可溶性有机物质”（CDOM）
取代黄色物质的称谓[12]。CDOM 的分子结构非常复杂，主要是指富里酸
（FA）和胡敏酸（HA）等未能鉴别的溶解有机碳（DOC）组分[13]。  
























CDOM 的物理方法研究,可追溯到 20 世纪上半叶[18]，近年来随着海洋
光学遥感的发展，加快了 CDOM 的物理方法研究。各国科学家纷纷开展了
CDOM 物理性质的各种研究，如 CDOM 与浮游植物间的吸收比，通过海
洋水色的变化研究 CDOM 对水色的影响，沿岸水 CDOM 的荧光效应应用
于海水交换强度和周期的研究，开展了机载激光雷达遥测 CDOM 和用
SeaWiFS 遥感 CDOM 的可能性探索，研究了在二类水体中 CDOM 的影响
因素与溶解有机碳的关系[19~22]。 
1.1.3  CDOM 的光学性质 
CDOM 的光学性质包括两个部分：光吸收性质和荧光性质。光吸收和
荧光光谱已被广泛地用于淡水和海水中的 CDOM 的测定和研究[10~23]。








0)()( λλλλ −−= seaa               （1） 
      式中   a(λ)：波长为 λ时的吸收系数 
             a(λ0)：参考波长 λ0 下的吸收系数 
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            rODa /)(303.2)( λλ ×=            （2） 
       式中   OD：分光光度计测得的样品光密度（optical density） 
               r：比色皿（光程）长度 
（1）式是用来评价 CDOM 吸收性质的 常用公式。通常用某一波长下的
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